Iridium-catalyzed borylation has been applied to various substituted thiophenes to synthesize polyfunctionalized thiophenes in good to excellent yields. Apart from common functionalities compatible with iridium-catalyzed borylations, additional functional group tolerance to acyl (COMe) and trimethylsilyl (TMS) groups was also observed. High regioselectivities were observed in borylation of 3-and 2,5-di-substituted thiophenes. Electrophilic aromatic C-H/C-Si bromination on thiophene boronate esters is shown to take place without breaking the C-B bond, and one-pot C-H borylation/SuzukiMiyaura cross-coupling has been accomplished on 2-and 3-borylated thiophenes.
Introduction
Thiophenes comprise an important heterocyclic class with diverse applications ranging from the design of advanced materials [1] [2] [3] to the treatment of various diseases [4] [5] [6] [7] (Fig. 1) . Consequently, their synthesis has garnered keen interest. There are two fundamentally different approaches for synthesizing substituted thiophenes. The first entails construction of the thiophene ring from appropriate precursors with the most common examples stemming from early syntheses of thiophene from C4 carbonyl compounds and P 2 S 5 . 8, 9 The second general approach to substituted thiophenes involves derivatizing an existing thiophene core. Examples of the latter case include halogenations, alkylations, and metalations. The first metalation examples were mercurations reported by Volhard in 1892, 10 and Thomas described the generation and reactivity of 2-thiophenylmagnesium iodide by magnesium reduction of 2-iodothiophene in 1908. 11 Organolithiation reactions of thiophenes, pioneered by Gilman, 12 have proved to be particularly versatile because, like mercuration, the thiophene C-H bond can be functionalized directly. The thienyl lithium intermediates that result react readily with various electrophiles. 13 While biological systems can assemble, as well as functionalize, thiophenes, 14, 15 their synthetic utility is limited when compared to non-biochemical methods. Lithiation reactions are some of the oldest and most prevalent means for functionalizing C-H bonds in heterocycles. More recently, attention has turned to other methods for derivatizing C-H [16] [17] [18] and C-X [18] [19] [20] [21] [22] bonds in heterocycles with an emphasis on transition metal catalyzed processes that obviate the requirement for stoichiometric metal. While the emerging methodologies can sometimes bypass intermediates for certain syntheses, they can also offer selectivities that complement metalation reactions. In this contribution we examine the scope and limitations of Ir-catalyzed C-H borylation applied to the synthesis of thiophene boronate esters.
Results and discussion
Aryl boronate esters are versatile reagents that are widely used in the construction of carbon-carbon and carbon-heteroatom bonds. Prior to 1995, aryl boronate esters were typically prepared by reacting an organometallic intermediate, generated from an arene or aryl halide and stoichiometric quantities of a metalating agent, with a boron electrophile (Fig. 2) . In 1995, Miyaura and co-workers reported the synthesis of arylboronates by the Pd-catalyzed crosscoupling of tetraalkoxydiboron reagents with haloarenes, including 3-iodobenzothiophene. 23 Subsequently, Masuda and co-workers devised related conversions using dialkoxyboranes, 24 including the synthesis of 2-thienyl boronate esters. 25 These transformations were important advances because (i) substoichiometric quantities of Pd catalysts served as the metalating agents, and (ii) the mild reaction conditions can accommodate functional groups that are incompatible with organomagnesium or organolithium reagents.
In 1999, we reported an Ir-catalyzed reaction that coupled benzene and pinacolborane (HBPin) to yield PhBPin generating hydrogen gas as the sole byproduct. 26 Recognizing that this transformation's simplicity could offer advantages over traditional routes to arylboron compounds, we explored the generality of this reaction with arenes, including the first extensions to heterocyclic substrates. [27] [28] [29] Despite improvements in catalyst generation, 28, 30 application of this methodology to substituted thiophenes is limited to five substrates: 2-methylthiophene, 31-33 2-cyanothiophene, 32 2-bromothiophene, 32 2-methoxythiophene, 33 and 2-trifluoromethylthiophene. 33 These reactions yield 5-borylated products exclusively in accord with the preference for borylation of C-H bonds adjacent to formally sp 3 -hybridized heteroatoms in five-membered heterocycles. Clearly, the restriction of previous studies to 2-substituted substrates raises questions regarding the feasibility of this reaction when the substitution pattern is varied and the range of substituents is expanded.
Borylation of 2-substituted thiophenes
As noted above, the reported borylations of 2-substituted thiophenes display excellent regioselectivity for 5-borylated products. Nevertheless, the range of substituents that have been surveyed is limited compared to aromatic substrates. Before detailing our findings, comments regarding the catalyst system are warranted. Most of the chemistry in this paper utilizes a dipyridyl-ligated catalyst that is generated in situ. However, this catalyst system was ineffective for electron-rich substrates. For these cases, phosphine supported catalysts gave better results. Comparisons between the ligand systems were not made when the dipyridyl system was effective.
For phosphine based catalysis, the phosphine (typically a bidentate ligand) and the Ir precatalyst, (h 5 -Ind)Ir(cod) (Ind¼ indenyl, cod¼1,4-cyclooctadiene), are simply combined with the borane, substrate, and solvent (if used) in a reaction vessel. The resulting mixture is then heated to effect borylation. 28 While the dtbpy system operates at room temperature, generation of the catalysts must be done as follows. 34 when stored on the bench top and catalytic activity of 'aged' precatalyst is diminished relative to pristine samples. Table 1 displays borylation results for an expanded slate of 2-substituted thiophenes. Entries 1-3 show that the tolerance for heavier halogens and esters exhibited for arenes extends to thiophenes. Entry 4 is noteworthy in that the TMS group can be transformed while leaving the BPin intact (vide infra). It seemed likely that substituents that compromise arene borylations might be compatible for thiophenes since heterocyclic substrates are usually more susceptible to borylation than arenes. This indeed proved to be the case for entry 5 where the acyl product 5 was obtained. This appears to be a limit for compatibility as the analogous product 6, though generated in small quantities, was not isolated from the
H B(OR) 2 or transition metal catalyst 
Borylation of 3-substituted thiophenes
In contrast to 2-substituted thiophenes, both C-H bonds flanking S in 3-substituted thiophenes are potentially accessible for borylation. In the absence of electronic effects, borylation at the 5-position should be generally favored. However, selectivities will likely be lower than those for arenes since the distance between neighboring substituents increases as the number of ring atoms decreases. 37 Indeed, some of these expectations are born by the data in Table  2 . In cases where isomer mixtures resulted (Table 2 entries 1-4 and 8), 2.0 equiv of thiophene was used to minimize losses arising from diborylation. Regiochemical assignment is straightforward from the magnitudes of j 4 J HH j (w2 Hz) and j 3 J HH j (w5 Hz) for the respective a and b isomers. 3-Cyanothiophene gave the poorest regioselectivity with 2-borylated product 7b being the major isomer. While CN is one of the smallest substituents, previous work shows that borylation ortho to H is preferred relative to CN for arenes, 37 and the results for entry 1 are the first where borylation
ortho to CN appears to be favored. Contrary to a literature report noting its instability, 36 7b was sufficiently stable to be persistent in the isolated isomer mixture. Isomer mixtures were also observed for Cl, Br, Me, and p-tolyl (p-Tol) substituents (entries 2-4 and 8). For these substrates, the 5-borylated isomers are the major products and the relative isomer ratios (a/b) for Cl, Br, and Me follow the trend seen in arenes. 37 For the p-Tol substituted substrate (entry 8) the selectivity is sufficiently high for 14a to be synthetically useful. As compared to Rh and Pd catalysts that favor borylation of benzylic C-H bonds, [38] [39] [40] Ir catalysts are highly selective for aromatic over benzylic C-H bond functionalization, 27, 28 even for substrates with hindered arene C-H bonds like p-xylene. 41 Thus, it is noteworthy that borylation of the thiophene C-H bonds is favored. In particular, formation of 14b indicates that functionalization of relatively hindered thiophene C-H bonds is possible when arene C-H bonds are present. This might not prove to be general, particularly for compounds where electron-deficient o-or m-substituted aryl groups are present. The selectivity for acyl, ester, and trimethylsilyl substituents was excellent and 2-borylated products were not detected. For the methyl ester substrate (entry 6), the selectivity is consistent with that observed in borylations of 4-benzonitriles, and the steric profiles of acyl and TMS groups are likely similar or greater.
Certainly, the closest comparison to our work is the related Ir-catalyzed silylations described by Ishiyama and Miyaura. 42 Even though these reactions require much higher temperatures, which we frankly consider to be a very minor drawback, their selectivities for silylation at the 5-position relative to the 2-position of 3-methyl-and 3-chlorothiophene (99:1 and 49:1, respectively) are better than those for borylation, while regioselectivity for silylation of methyl 3-thiophenecarboxylate (49:1) was marginally worse than that for borylation ( Table 2 , entry 6) It must be emphasized that 2-tert-butyl-1,10-phenanthroline was the ligand that engendered these selectivities. The silylation selectivity for dtbpy-ligated catalysts is more appropriate for directly comparing silylation and borylation. Though limited to a single example, the silylation regioselectivity for 3-methylthiophene (5-isomer/2-isomer¼2.5:1) is considerably worse than the 8.9:1 selectivity for borylation using the same precatalyst and ligand ( Table 2 , entry 4). Borylations using 2-tert-butyl-1,10-phenanthroline were not attempted because the ligand is not commercially available. Nevertheless, regioselectivities for thiophene borylations can be improved by altering the catalyst's coordination sphere.
In spite of the regioselectivity that silylation offers, two factors limit its synthetic utility. First, the silylating agent (tert-Bu 2 F 2 Si 2 ) is not commercially available. Second, the synthetic elaborations of aryl and heteroaryl silanes are less well developed compared to the analogous boron chemistry. Certainly, future developments in arylsilane chemistry could change this situation. 43, 44 There are other existing methods for selectively functionalizing 3-substituted thiophenes at the 5-position. The two most common approaches are (i) electrophilic substitutions that are selective for 5-substitution when the 3-substituent is electron withdrawing and/or the electrophile is sterically hindered, 45, 46 and (ii) directed ortho metalations (DoMs) where the 3-substituent is a poor directed metalation group (DMG).
47-49
When compared to DoMs, the selectivities for entries 2, 3, 5, and 6, are atypical. Even with relatively poor DMGs like Cl or Br at C-3, DoM at C-2 for thiophenes is often favored. Consequently, protection/deprotection at C-2 can be required for selective synthesis of 3,5-substituted compounds via DoM. 50 Since Ir-catalyzed borylation favors functionalization at the 5-position, it complements DoM nicely.
Borylation of 2,5-disubstituted thiophenes
Borylation of 2,5-disubstituted thiophenes are more challenging for two reasons. First, the 3-and 4-C-H bonds are less reactive towards borylation even in the absence of steric constraints, as evidenced by the results in Table 1 . Second, the 2-and 5-substituents will further impede borylation.
The results for borylations of 2,5-disubstituted thiophenes are shown in Table 3 . For the symmetrically substituted substrates in entries 1-3, regioselectivity is not an issue, making them the logical starting points for discussion. The first obvious difference from the data in Tables 1 and 2 is that borylation requires prolonged reactions times with Cl>Br[Me. ortho-Substituents impede borylations of C-H bonds of substituted arenes, with steric effects almost certainly being responsible.
The relative ordering of the rates for thiophenes may not be a simple matter of steric effects. For example, borylation of 2,5-dichlorothiophene slowed markedly after an initial conversion surge. This rate diminution was accompanied by precipitation of brown particles, suggesting that catalyst may be decomposing. Nevertheless the conversion was complete in 20 h and product 15 was isolated in good yield (Table 3 , entry 1). The borylation of 2,5-dibromothiophene was more problematic, and only 89% conversion of the substrate was observed after 48 h at room temperature with 9 mol % Ir catalyst loadings. Consequently, compound 16 was isolated in modest yield (Table 3 , entry 2). Given the highly reactive nature of C-X bonds in a-halogenated thiophenes, it would not be surprising if C-X scission led to catalyst deactivation for these substrates.
The potential for C-X activation also raises questions regarding the regiochemistry of the monoborylated products. Even though halogen tolerance is a hallmark of Ir-catalyzed C-H borylations, the observation of a single regioisomer from the borylation does not prove that the halogen regiochemistry is maintained. Assumptions of this type have led to mischaracterization of products arising from directed metalations of 2,5-dihalothiophenes, 51 where rearrangement of the metalated intermediates via 'halogen dance' mechanisms can lead to 2,4-dihalogenated products. Table 5 . The C ipso resonances attached to BPin are not observed and assignment of the quaternary carbons is not certain. However, the methine carbon can be unambiguously assigned and the calculated methine shifts are indicated by boldface type. Isomer 16 gives the best fit to the data with the largest deviation observed for the C-2. This error is considerably smaller than the magnitude of the corresponding I C-2 B value. The two remaining calculated shifts for 16, which include the methine resonance, fit the data very well. The fit to calculated shifts for isomer A, the analogue to the regioisomer that arises when lithiated 2,5-dibromothiophene rearranges, is poor with a large error in the shift for C-3, which is adjacent to BPin substituted carbon. Of the remaining isomers B-D, isomer C is the only candidate whose calculated values approach the fit found for 16. We discount this possibility because (i) there is no precedent for 'halogen dance' rearrangement to this regioisomer, and (ii) the error in the methine shift, which is assigned unambiguously, is large. The final piece of confirming evidence comes from a chemical reaction of 16. We have observed that borylated products in crude reaction mixtures are susceptible to protodeborylation when heated with a source of acidic protons. 54 Protodeborylation of 16 regenerates 2,5-dibromothiophene, which is consistent with the assigned regiochemistry (Fig. 4) . For 2,5-dimethylthiophene, electronic effects likely impact the borylation rates since the steric energies of methyl and bromine substituents are similar. The overall rate reduction in this case is consistent with results from arene borylations, where electron-rich substrates are significantly less reactive than electron poor ones. Thus, borylation at room temperature with the dtbpy-ligated catalyst is impractical (Table 3 , entry 3). Although this catalyst system has been reported to operate effectively at elevated temperatures, only 12% conversion was achieved after 16 h when the borylation was carried out with the Ir/dtbpy catalyst at 80 C. We find that phosphine ligated catalysts are well-suited for substrates of this type, even though elevated temperatures are required for borylation. Indeed, the combination of the Ir precatalyst (Ind)Ir(cod) and 1,2-bis(dimethylphosphino)ethane (dmpe) promoted smooth borylation at 150 C, and compound 17 was isolated in excellent yield (Table 3 , entry 4).
For unsymmetrical chlorothiophene substrates, borylations typically gave isomer mixtures (Table 3 , entries 5-7). The borylation regiochemistries were assigned either from the relative chemical shifts of the methine protons (18a,b and 20a,b) or by jJ HH j values (19a and b). Compound 18a was also prepared independently (vide infra). The variations in isomer ratios reflect relative differences in steric energies for the substituents. When the relative steric are sufficiently great, single isomers can be attained as indicated by compound 21 (Table 3 , entry 8). The acyl compatibility seen in Tables 1 and 3 did not extend to the 2-acyl-5-halothiophenes in entries 9 and 10.
The synthetic utility for the unsymmetrically 2,5-disubstituted thiophenes is more limited than for the other substrates that have been discussed to this point; however, it should be noted that certain substrates for which we would expect good selectivities (e.g., 2-fluoro compounds) were not surveyed because of their limited commercial availability. 
a Isomer ratios were determined by GC analysis of the crude reaction mixtures. b Yields are reported for isolated products and are based on starting thiophene unless otherwise noted. Isomers were not separated. c Initially, 6 mol % Ir/dtbpy catalyst loading and 1.5 equiv HBPin was used. After 36 h, conversion had ceased and the reaction flask was charged with an additional 3 mol % Ir/dtbpy and 1.0 equiv HBPin. d Initially, 3 mol % Ir/dtbpy catalyst loading and 1.5 equiv HBPin was used. After 8 h, the reaction flask was charged with an additional 3 mol % Ir/dtbpy and 0.5 equiv HBPin. 
Attempted borylation of 2,3,5-trisubstituted thiophenes
For 2,3,5-trisubstituted thiophenes, the 4-position is flanked by two ortho substituents. Since the H-C-C bond angles in fivemembered heterocycles are larger than those in six-membered rings, the 4-position in 2,3,5-trisubstituted thiophenes should be more accessible for borylation. However, only about 2% borylation was observed for 3-bromo-2,5-di-methylthiophene (22) for attempted room temperature borylation with the [Ir(m 2 -OMe)-(COD)] 2 /dtbpy catalyst (Fig. 5) . The outcome was similar for the (Ind)Ir(COD)/dmpe system at 150 C. Apart from steric hindrance for borylation, the electron-rich nature of 3-bromo-2,5-di-methylthiophene could also be responsible for this low reactivity. Thus, borylation of an electron-deficient substrate, 3-bromo-2,5-dichlorothiophene (23), was attempted using the [Ir(m 2 -OMe)(COD)] 2 / dtbpy system at room temperature and the borylation reaction stalled after w5% conversion. The borylation of this substrate was also tested using (Ind)Ir(COD) and dmpe at 150 C. This reaction gave a 73% isolated yield of a single product, which surprisingly proved to be compound 2.
The conversion of 23 to 2 is noteworthy in that the least hindered chloride is selectively cleaved. Although there is no direct supporting evidence, a plausible mechanism for the formation of 2 involves selective reduction of the 5-chloro substituent in 23 by HBPin to afford 3-bromo-2-chlorothiophene, which is then borylated to give 2. Alternatively, the transformation could proceed via C-Cl oxidative addition of 23 to Ir, C-B reductive elimination, and Ir-Cl reduction by HBPin to regenerate the active catalyst. Either scenario requires 2 equiv of HBPin for each equivalent of compound 2 that is produced. Hence, the 73% yield for 1.5 equiv of HBPin indicates that the transformation is nearly quantitative.
Synthetic elaborations of borylated thiophenes
The synthetic utility of the thiophene boronate esters in Tables  1-3 hinges on their ability to participate in subsequent transformations. One attractive feature of Ir-catalyzed borylations is their amenability to one-pot reactions where subsequent transformations of the crude boronate esters can be accomplished without removing the spent Ir catalysts.
Preliminary studies show that one-pot C-H borylation/SuzukiMiyaura cross-couplings can be accomplished on 2-and 3-borylated intermediates 21 and 24 (Scheme 1). The Suzuki-Miyaura couplings utilized aryl bromides to avoid the potential homocoupling of intermediates 21 and 24, and Pd(PPh 3 ) 4 was used as the Although we have evaluated the scope of C-H brominations of other substrates, related brominations of trimethylsilyl groups offer synthetic utility as indicated in Scheme 2. The TMS group in 21 is selectively cleaved by N-bromosuccinimide (NBS) yielding boronate ester 18a as a single isomer. This route is clearly preferable to borylation of 5-bromo-2-chlorothiophene, which yielded appreciable quantities of isomer 18b ( 63, 64 properties.
Conclusions
From this study, Ir-catalyzed borylations offer significant versatility for derivatizing thiophene scaffolds. In general, regioselectivities complement those established for DoM, making the combination of these two methodologies particularly attractive. In addition, the results concerning the elaboration of these boronate esters are encouraging, even though subsequent transformations are not extensively surveyed in this contribution. It should be emphasized that even though the procedures reported herein were carried out using a glovebox, this chemistry is amenable to more standard laboratory settings. We plan on publishing these details separately. We are actively exploring the chemistry of these compounds, as well as applying these synthetic approaches to other heterocyclic systems. were prepared per the literature procedures. 2-Chloro-5-trimethylsilylthiophene was prepared following the literature procedure for the synthesis of 2-bromo-5-trimethylsilylthiophene. 70 All other commercially available chemicals were purified before use. Solid substrates were sublimed under vacuum. Liquid substrates were distilled before use. n-Hexane was refluxed over sodium, distilled, and degassed. Dimethoxy ethane (DME), ether, and tetrahydrofuran were obtained from dry stills packed with activated alumina and degassed before use. Silica gel (230-400 Mesh) was purchased from EMDÔ.
General methods
All reactions were monitored by GC-FID (Varian CP-3800; column type: WCOT fused silica 30 mÂ0.25 mm ID coating CP-SIL 8 CB), GC-FID method: 70 C, 2 min; 20 C/min, 9 min; 250 C, 20 min. All reported yields are for isolated materials. 1 2 and HBPin mixture. After mixing for 1 min, the resulting solution was transferred to the 20 mL scintillation vial equipped with a magnetic stirring bar. Additional n-hexane (2Â1 mL) was used to wash the test tubes and the washings were transferred to the scintillation vial. Substituted thiophene (1 mmol, 1 equiv) was added to the scintillation vial. The reaction was stirred at room temperature and was monitored by GC-FID/MS. After completion of the reaction, the volatile materials were removed on a rotary evaporator. The crude material was dissolved in CH 2 Cl 2 and passed through a short plug of silica to afford the corresponding borylated product.
General procedure B (borylation with HBPin as the limiting reactant)
In a glove box, two separate test tubes were charged with [Ir(m 2 -OMe)(COD)] 2 (10 mg, 0.015 mmol, 3 mol % Ir) and dtbpy (8 mg, 0.03 mmol, 3 mol %). HBPin (1 mmol, 1 equiv) was added to the [Ir(m 2 -OMe)(COD)] 2 test tube. n-Hexane (1 mL) was added to the dtbpy containing test tube in order to dissolve the dtbpy. The dtbpy solution was then mixed with the [Ir(m 2 -OMe)(COD)] 2 and HBPin mixture. After mixing for one minute, the resulting solution was transferred to the 20 mL scintillation vial equipped with a magnetic stirring bar. Additional n-hexane (2Â1 mL) was used to wash the test tubes and the washings were transferred to the scintillation vial. Excess 3-substituted thiophene (2-4 equiv) was added to the scintillation vial. The reaction was stirred at room temperature and was monitored by GC-FID/MS. After completion of the reaction, the volatile materials were removed on a rotary evaporator. The crude material was dissolved in CH 2 Cl 2 and passed through a short plug of silica to afford the corresponding borylated product/products.
General procedure C
In a glove box, (Ind)Ir(COD) (8.3 mg, 0.02 mmol, 2.00 mol % Ir) and dmpe (3 mg, 0.02 mmol, 2.00 mol %) were weighed in two separate test tubes. HBPin (218 mL, 190 mg, 1.50 mmol, 1.50 equiv) was added to the dmpe test tube and the resulting solution was then mixed with (Ind)Ir(COD). This catalyst solution was added to a Schlenk flask equipped with a magnetic stirring bar. Substituted thiophene (1 mmol, 1 equiv) was added to the Schlenk flask. The Schlenk flask was closed, brought out of the glove box, and was heated at 150 C in an oil bath. The reaction was monitored by GC-FID/MS. After completion of the reaction, the volatile materials were removed on a rotary evaporator. The crude material was dissolved in CH 2 Cl 2 and passed through a short plug of silica to afford the corresponding borylated product. Iodothiophen-2-yl) Note. Attempted borylation of 2,5-dichloro-3-bromothiophene with borylation procedure C also gave the same product where C-Cl bond was borylated and the single monoborylated product was isolated in 73% yield (see attempted borylation of tri-substituted thiophene). Only one of the two C-Cl bonds is activated with chemoselectivity greater than 99%. The NMR data matched with the borylated product of 2-chloro-3-bromothiophene as described above.
2-(5-

4.2.3.3.
Methyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophene-2-carboxylate (3). The general borylation procedure A was applied to methyl-2-thiophenecarboxylate (116 mL,142 mg, 1 mmol, 1 equiv) and HBPin (192 mL, 218 mg, 1.50 mmol, 1.50 equiv) for 0.5 h.
The product was isolated as a white solid (252 mg, 94% yield, mp 114-117 C). 1 and DME (6 mL) were added to the Schlenk flask inside the glove box. The Schlenk flask was then brought out of the glove box and attached to a Schlenk line. K 3 PO 4 $nH 2 O (1592 mg, 1.50 equiv) was added under N 2 counter flow to the Schlenk flask. The flask was stoppered and the mixture was heated at 80 C for 8 h. The flask was cooled down to room temperature and 20 mL of water were added to the reaction mixture. The reaction mixture was extracted with ether (3Â20 mL). The combined ether extractions were washed with brine (20 mL), followed by water (10 mL), dried over MgSO 4 before being concentrated under reduced pressure on a rotary evaporator. Column chromatography (hexanes, R f 0.5) furnished the product as white semi solid (1026 mg, 85% yield). 
General procedure D (substitution of TMS with Br)
TMS group were replaced with bromine by employing the literature conditions used for aromatic C-H bromination. 58 Substrate
(1 mmol, 1 equiv) was added to a 20 mL scintillation vial equipped with a magnetic stirring bar. N-Bromosuccinamide (1 mmol, 1 equiv) was added in to the vial. Acetonitrile (3-5 mL) was also added to the vial. The reaction mixture was stirred at room temperature and was monitored by GC-FID/MS. After the completion of the reaction, the volatile materials were removed on a rotary evaporator and the crude product was passed through a short silica plug to afford the brominated product. 
